Abstract. The function of the expression of microRNA (miR)-224-5p in prostate adenocarcinoma (PCa) remains to be elucidated, therefore, the present study aimed to investigate the clinical significance and potential molecular mechanism of miR-224-5p in PCa. Data on the expression of miR-224-5p in PCa were extracted from The Cancer Genome Atlas (TCGA), Gene Expression Omnibus (GEO), ArrayExpress and previous literature, and meta-analyses with standardized mean difference (SMD) and summary receiver operating characteristic (sROC) methods were performed for statistical analyses. The prospective target genes of miR-224-5p were collected by overlapping the differentially expressed mRNAs in TCGA and GEO, and target genes predicted by miRWalk2.0. Subsequently, in silico analysis was performed to examine the associated pathways of miR-224-5p in PCa. The expression of miR-224-5p was markedly lower in PCa; the overall SMD was -0.562, and overall sROC area under the curve was 0.80. In addition, Kyoto Encyclopedia of Genes and Genomes analysis revealed that the prospective target genes of miR-224-5p were largely enriched in the amino sugar and nucleotide sugar metabolism signaling pathway, and three genes [UDP-N-acetylglucosamine pyrophosphorylase 1 (UAP1), hexokinase 2 (HK2) and chitinase 1 (CHIT1)] enriched in this pathway showed higher expression (P<0.05). In addition, key genes in the protein-protein interaction network analysis [DNA topoisomerase 2-α (TOP2A), ATP citrate lyase (ACLY) and ribonucleotide reductase regulatory subunit M2 (RRM2)] exhibited significantly increased expression (P<0.05). The results suggested that the downregulated expression of miR-224-5p may be associated with the clinical progression and prognosis of PCa. Furthermore, miR-224-5p likely exerts its effects by targeting genes, including UAP1, HK2, CHIT1, TOP2A, ACLY and RRM2. However, in vivo and in vitro experiments are required to confirm these findings.
Introduction
According to cancer statistics from 2017, prostate adenocarcinoma (PCa) was ranked highest for newly diagnosed cases of cancer in men in the USA, and was considered the 3rd leading cause of cancer-associated mortality in men (1) . Although the rates of incidence and mortality vary in different nations and regions, PCa poses a health risk to men due to its high incidence and mortality rates (2) (3) (4) . PCa is a heterogeneous type of cancer; patients with PCa are prone to a relapse and metastasis, and the prognosis of PCa is associated with the age of patients (5, 6) . The majority of patients are diagnosed with PCa in its intermediate or terminal stage, which presents challenges to treatment and recovery of patients. Fortunately, the diagnosis and treatment of PCa have been modified owing to medical advances. For example, screening prostate-specific antigen in the early stage is considered an effective approach for early diagnosis and immediate treatment of PCa (7) . Despite this, the incidence and mortality rates of PCa remain high, therefore, further investigations are urgently required to clarify the onset and mechanism of progression of PCa (8) .
Based on previous studies, in addition to obesity, gene expression is closely associated with the onset and development of PCa (9, 10) . MicroRNAs (miRNAs) are small, non-coding RNA molecules of ~ 22 nucleotides, which perform functions in the post-transcriptional regulation of gene expression (11) (12) (13) (14) (15) . miRNAs act as oncogenes or antioncogenes in tumorigenesis, thus influencing the onset and development of tumors (16) (17) (18) (19) (20) . Previous studies have shown that the downregulated expression of miRNA may be essential in the onset and development of PCa (21) (22) (23) . In addition, increased expressed of miRNA was likely to regulate the expression of target genes and exert its influences on the progression of PCa (24, 25) .
Currently, investigations on the role of miRNA-224-5p (miR-224-5p) in PCa have been limited. Mavridis et al performed a case-control study involving 73 cases of PCa and 66 cases of benign prostatic hyperplasia, demonstrating that the expression of miR-224-5p was downregulated in PCa tissues and, with disease progression, the expression of miR-224-5p was decreased further; patients with the lower expression of miR-224-5p were also more likely to have a poorer prognosis (26) . Fu et al investigated the targeting association between miR-224-5p and calcium/calmodulin-dependent protein (CAMKK2) in tissues from 20 cases of PCa and non-cancerous counterpart tissues; it was found that the expression of miR-224-5p was markedly lower in PCa tissues, and patients with a lower expression of miR-224-5p tended to have a poorer survival rate; additionally, miR-224-5p inhibited the proliferation of tumor cells by targeting CAMKK2 (27) . Having applied reverse transcription-quantitative polymerase chain reaction analysis to examine tissues from 36 cases of PCa and 14 non-cancerous tissues, Kristensen et al confirmed that the expression of miR-224-5p was decreased in PCa tissues and predicted an unsatisfactory outcome for patients (28) . These previous studies offer important insights into the effects of miR-224-5p on PCa tissues, however, they were performed with a small sample size (n<80) and the results were not confirmed with a larger sample size, which may reduce the convincingness of the results. Furthermore, the studies mentioned above failed to perform bioinformatics analyses, which may assist in identifying more prospective target genes of miR-224-5p in PCa. Therefore, further verification is required of the expression of miR-224-5p and its clinical significance in PCa. In addition, the mining of multiple databases and bioinformatics analyses is required to examine the prospective molecular mechanism underlying the role of miR-224-5p in PCa.
The present study aimed to verify the expression of miR-224-5p in PCa using data from different databases, including The Cancer Genome Atlas (TCGA), Gene Expression Omnibus (GEO), ArrayExpress, and previous literature. In addition, prospective target genes of miR-224-5p were collected using online prediction tools and differentially expressed genes in TCGA and GEO. Bioinformatics analyses were also used to further examine the signaling pathways of miR-224-5p in PCa (Fig. 1A) .
Materials and methods
Collection of PCa data from TCGA. Data of Illumina HiSeq level 3 were acquired from the Launch ata portal of TCGA (https://cancergenome.nih.gov/). Following summarizing of the raw count data, raw data on miRNA expression in tissues of 500 cases of PCa and 52 normal prostatic tissues were obtained, from which reads per million data of pre-miR224 were extracted, including tissues from 498 cases of PCa and 51 normal PCa tissues. In these 500 cases, the age of the patients ranged between 41 and 78 years, with a mean age of 61 years. Additional clinicopathological parameters are listed in Table I .
Screening of differentially expressed microarrays of miRNAs in PCa.
In the microarray GEO (https://www. ncbi.nlm.nih.gov/gds/) and ArrayExpress (https://www.ebi.
ac.uk/arrayexpress/) databases, a search was performed using the following key words: (parastata OR prostatic gland OR prostate gland OR prostat * AND (cancer OR carcinoma OR adenocarcinoma OR tumor OR malignan * OR neoplas * ) AND (miR OR miRNA OR microRNA OR miR OR miRNA OR microRNA OR 'miR' OR 'miRNA' OR 'microRNA'). Subsequently, the differentially expressed microarrays of miRNAs in PCa were screened and downloaded. Finally, studies were included which fulfilled the following criteria: i) compared the cancerous tissues with the controls; ii) contained microarrays of miRNA expression in PCa tissues, biofluids and cell lines; and iii) had more than 3 samples in each microarray. The procedures for the search are shown in Fig. 1B ). The studies were included if they met the following standards: i) involved the comparison of PCa with non-cancerous controls in tissues, biofluids and cell lines; and ii) provided the mean ± standard deviation (SD) or diagrams from which data extraction was possible. The procedures for the literature screening are shown in Fig. 1C .
Collection of differentially expressed genes of PCa in TCGA.
Gene expression profiling interactive analysis (GEPIA; http://gepia.cancer-pku.cn/), a visualized website based on TCGA database developed by Peking University (Beijing, China), contains various functional analyses, including the comparison of differentially expressed genes in cancerous and non-cancerous tissues (29) . Data on the differential genes of PCa on GEPIA were retrieved, and differentially expressed genes calculated using the Linear Models for Microarray Data (LIMMA) package (http://gepia.cancer-pku.cn/detail. php?gene=) were downloaded. The genes were selected for further analysis if log2 fold change (FC)>1.
Selection of microarrays of differentially expressed genes of
PCa. In the GEO and ArrayExpress databases, a search was performed using the aforementioned key words for prostate and cancer. The relevant microarrays were included in the study if they conformed to the following criteria: i) investigation of differentially expressed mRNA based on post-transcriptional miR-224-5p; and ii) comparison of PCa cell lines and normal cell lines. If there existed numerous similar samples in one microarray, the intersections were obtained. When dealing with different microarrays, the unions were obtained. Further analyses were performed on all results.
Prediction of potential target genes of miR-224-5p.
The microR NA-m R NA prediction was per for med with the miRWalk2.0 (http://zmf.umm.uni-heidelberg. de/apps/zmf/mirwalk2/) online prediction tools involving 12 prediction tools, namely, DIANA microT v4, RNA22, Pictar2, miRWalk, miRNAMap, RNAhybrid, mirBridge, TargetScan, miRMap, miRanda, PITA and miRDB. Genes that were predicted by three tools qualified for the present study. In order to acquire the potential target genes with accuracy, the overexpressed genes in TCGA, mRNAs expressed at low levels following miR-224-5p transcription and the predicted microarrays were combined, and the unions were obtained. Bioinformatics analysis was performed on these results.
In silico analysis. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were performed on the genes that appeared in TCGA, GEO and target genes prediction tools on Database for Annotation, Visualization and Integrated Discovery (DAVID; http://david.abcc.ncifcrf. gov/). Bingo on Cytoscape 3.5.0 (http://www.cytoscape.org/) was applied to construct network analysis of GO terms, and the ClueGO and CluePedia plugins were used to establish the KEGG network. For genes enriched in significant pathways, the data in TCGA were used to verify their expression levels in PCa. In addition, protein-protein interaction (PPI) analysis was performed, a PPI network was constructed and the interactive associations between proteins were confirmed on the Search Tool for the Retrieval of Interacting Genes 0.5 (https://string-db. org/cgi/input.pl?sessionId=Ce1Dx9pYDluc&input_page_show_ search=on) (30) (31) (32) (33) (34) (35) (36) (37) database. Based on TCGA data, the mRNA expression of key genes in the PPI network were also confirmed, and the mechanism of miR-224-5p in PCa was further examined. Table I . Association between the expression of miR-224-5p between prostate cancer tissue and non-cancerous tissue based on The Cancer Genome Atlas data. Statistical analysis. SPSS 23.0 (IBM Corp., Armonk, NY, USA) was used for statistical analysis of the expression of miR-224-5p in PCa. An independent t-test was applied to evaluate the differentials of miR-224-5p between PCa tissues and non-cancerous tissues, and the results are presented as the mean ± SD. The standardized mean difference (SMD) was used to combine all the included studies on STATA 2.0 (StataCorp, College Station, TX, USA), and to calculate the expression trend of miR-224-5p in PCa. In addition, a receiver operating characteristic (ROC) was used to analyze the sensitivity and specificity of each study, and their cut-off value was calculated. Subsequently, the cut-off value was applied to identify the true positive, false positive, false negative and true negative of each study, following which a diagnostic test four-fold table was produced. STATA 12.0 was then used to confirm the expression of miR-224-5p in PCa, and the summary ROC (sROC) was used to measure its credibility. In addition, in order to examine the expression trend in each study, scatter diagrams were produced to show the expression of miR-224-5p in PCa tissues and adjacent tissues via GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was considered to indicate statistically significant difference. Table I ). However, no clear associations were found between its expression and prognosis or other types of staging. Based on the inclusion criteria, a total of 17 microarrays were eventually considered eligible for the present study, which were categorized into three subtypes: Tissues, biofluids and cell lines (Fig. 3) . In the subgroup of tissues, 12 microarrays were included, among which the expression of miR-224-5p was notably lower in PCa tissues in GSE76260, GSE21036, GSE34932, GSE60371 and GSE36802. In GSE54516 and GSE64318, the expression of miR-224-5p was upregulated. In terms of SMD, a low expression of miR-224-5p was identified in PCa tissues: Sub-SMD (95% CI)=-0.304 (-0.452, -0.156) (Table II and Fig. 3A ; P<0.001) PCa, vs. normal=421, vs. 253); sROC AUC (95% CI)=0.80 (0.77, 0.84) (Fig. 4) . The optimum sensitivity and specificity were 0.82 (95% CI: 0.65, 0.91) and 0.61 (95% CI: 0.34, 0.83, Fig. 4 ), respectively. The scatter diagram and ROC curve of expression of each microarray are shown in Figs. 5 and 6. When analyzing the biofluids subgroup, four microarrays were included (GSE39314, GSE61741, GSE24201 and GSE49298). The SMD result indicated that Sub-SMD (95% CI)=-0.216 (-0.544, -0.111), P=0.195 (Table III and specificity (SPEC; 95% CI)= 0.78 (0.58, 0.90) (Fig. 7) . The scatter diagrams and ROC curves are shown in Figs. 8 and 9 . The expression of miR-224-5p was markedly lower in PCa biofluids despite no clear significance. In the subgroup of cell lines, only one microarray was included: Mean ± SD: 9.8705±0.1835 (P= 0.013, PCa, vs. normal, 9, vs. 3; ROC AUC (95% CI)=1.000 (1.000, 1.000), P=0.013 (Fig. 10) . The expression of miR-224-5p was significantly lower in the PCa cell lines, and exhibited higher specificity.
Results

Expression of miR-224-5p in
Furthermore, in the literature search, three studies were retrieved providing a mean ± SD (Fig. 1C) (15-17) . The results also suggested that the expression of miR-224-5p was (Table V and Figs. 3 and 11A ). This provided a more reliable conclusion that the expression of miR-224-5p was reduced in PCa.
Prospective target genes of miR-224-5p in PCa. The prospective target genes of moR-224-5p in PCa were determined based on the results of TCGA, GEO and prediction tools. Based on TCGA data, 3,019 differentially expressed genes in PCa tissues were acquired from GEPIA, and the FC was used as a measure (log2FC>1.0). Finally, 687 overexpressed genes were obtained from the PCa tissues (Fig. 12) . In addition, from GEO two cell lines were retrieved that were transfected with PC3 and DU145, and the microarrays of differentially expressed mRNA (GSE51053 and GSE56243) were examined. According to the unions in which the gene expression value was below -0.1, a total of 3,616 (GSE51053) and 3,326 (GSE56243) genes with low expression were obtained. Following combining the results of two microarrays and eliminating the duplicates, 6,038 genes with low expression that had been transfected with miR-224-5p were obtained. The top 100 genes are shown in the heat-map in Fig. 13 . In addition, 102,240 potential target genes of miR-224-5p were accumulated via miRWalk2.0. Genes that appeared in at least three prediction tools were selected, with 9,876 genes acquired. A total of 82 overlapped mRNA genes qualified for further analysis following combining the results of TCGA, GEO and prediction tools (Fig. 11B) . Table II . Characteristics of the expression of microRNA-224-5p between studies of prostate adenocarcinoma and non-cancerous tissue based on Gene Expression Omnibus, ArrayExpress and TCGA datasets. Table III . Characteristics of the expression of microRNA-224-5p between prostate adenocarcinoma and non-cancerous body fluid studies based on the Gene Expression Omnibus dataset. In silico analysis. GO and KEGG analyses were performed for the 82 overlapped target genes using DAVID, which indicated that the GO terms were enriched in the following pathways: Intracellular transport, vesicle-mediated transport, protein transport of biological processes; Golgi apparatus, membrane fraction, insoluble fraction of cellular components; protein homodimerization activity, protein dimerization activity, identical protein binding of molecular functions (Table VI and Figs. 14 and 15 ). KEGG analysis demonstrated that these 82 genes were simply enriched in two pathways: Amino sugar and nucleotide sugar metabolism, and Vibrio cholerae infection. Significance was only found in the amino sugar and nucleotide sugar metabolism pathway (P<0.05; Table VI and Fig. 16A ), in which UDP-N-acetylglucosamine pyrophosphorylase 1 (UAP1), hexokinase 2 (HK2) and chitinase 1 (CHIT1) were notably upregulated in PCa tissues (P<0.05; Fig. 16B ). The PPI analysis suggested that DNA topoisomerase 2-α (TOP2A), ATP citrate lyase (ACLY) Table V . Characteristics of the expression of microRNA-224-5p between prostate adenocarcinoma and non-cancerous studies. Each node represents a GO term, the node color indicates the P-value of a GO term. miR, microRNA; PCa, prostate adenocarcinoma; GO, Gene Ontology. and ribonucleotide reductase regulatory subunit M2 (RRM2) were key genes for protein interaction, which had higher expression levels in PCa tissues (P<0.05; Table VII and Fig. 17) . miR-224-5p may have negative axial associations with the expression of UAP1, HK2, CHIT1, TOP2A, ACLY and RRM2 in PCa, which requires further experiments for confirmation (Fig. 18) .
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Discussion
In the present study, referring to data in the TCGA, GEO, ArrayExpress and previous literature, it was confirmed that the expression of miR-224-5p was notably downregulated in PCa tissues, biofluids and cell lines, and its downregulated expression may be associated with the progression of PCa. In Table VI . Top 10 most significant GO terms of the potential target genes of microRNA-224-5-p in prostate adenocarcinoma. Figure 18 . Correlation between the targets (UAP1, HK2, CHIT1, TOP2A, ACLY, RRM2) and miR-224-5p in prostate adenocarcinoma. miR, microRNA; UAP1, UDP-N-acetylglucosamine pyrophosphorylase 1; HK2, hexokinase 2; CHIT1, chitinase 1; TOP2A, DNA topoisomerase 2-α; ACLY, ATP citrate lyase; RRM2, ribonucleotide reductase regulatory subunit M2. addition, prospective target genes of miR-224-5p in PCa were identified via prediction tools and microarrays of differentially expressed mRNAs in TCGA and GEO. Bioinformatics analysis was subsequently performed on these potential genes. GO and KEGG analyses revealed that miR-224-5p mediated the expression of UAP1, HK2 and CHIT1 in order to regulate the amino sugar and nucleotide sugar metabolism signaling pathway, thus exerting its effects in PCa. miR-224-5p may also be vital in PCa by being involved in the protein interaction through TOP2A, ACLY and RRM2.
Previous studies have demonstrated that the abnormal expression of miR-224-5p was a crucial factor in the initiation and progress of tumors. For example, the high expression of miR-224-5p was likely to be involved in the onset of digestive tract malignancy (38) ; the expression of miR-224-5p was significantly reduced in mucinous breast cancer (39) ; and cell experiments and histologic examination performed by Zheng et al revealed that miR-224-5p exhibited lower expression in uveal melanoma (40) . However, studies on the expression of miR-224-5p in PCa have been limited. Only a small number of studies with small sample sizes have found that miR-224-5p was expressed at a low level in prostatic cancer (26) (27) (28) , and this was not confirmed by a second study involving a larger sample size. Therefore, these findings may, to a certain extent, contain errors. The present study, using data from TCGA, GEO and ArrayExpress databases, and previous literature, investigated the expression of miR-224-5p in PCa from PCa tissues, biofluids and cell lines. Taking advantage of the public data, it was confirmed that the expression of miR-224-5p was low in PCa. The results of a study by Fu et al indicated that downregulated miR-224-5p was closely associated with terminal clinical staging and metastasis (27) . The present study, based on analysis of TCGA data, revealed that the expression of pre-miR-224 was decreased only in the T stage and M stage of PCa, although additional investigations are required to confirm its expression in other stages. Furthermore, when investigating the association between miR-224-5p and prognosis, Lin et al found that the low expression of miR-224-5p was associated with a poorer RFS rate (41). Wan et al examined the recurrence rate of patients with PCa following surgery, and found that downregulated miR-224-5p was closely associated with RFS rate (42). Mavridis et al investigated the survival rate of 58 patients with PCa, and confirmed that the lower the expression of miR-224-5p, the poorer the RFS rate of the patients (26). Fu et al examined 20 patients of PCa and demonstrated that those patients with upregulated miR-224-5p tended to have improved OS rates (27) . In the present study, data on the survival rate of 500 patients with PCa was acquired from TCGA. No significant association was found between the expression of pre-miR224 and the OS rates of patients, with additional follow-up investigations required to confirm this.
Bioinformatics analysis was used in the present study to examine the molecular mechanism of miR-224-5p in PCa. KEGG analysis indicated that potential target mRNAs were significantly enriched in the amino sugar and nucleotide sugar metabolism signaling pathway. Previous studies have demonstrated that this pathway may be involved in carbohydrate metabolism in tumor tissues, affecting the onset and development of cancer (43, 44) . Genes enriched in this pathway included UAP1, HK2 and CHIT1, all of which exhibited notably high expression in PCa tissues. It was demonstrated that higher expression of UAP1 in PCa tissues accelerated the growth of cancer cells (45) . In addition, a high expression of HK2 in PCa is essential in cell proliferation, apoptosis and carbohydrate metabolism (46) (47) (48) . Although experiments have shown that the differentially expressed CHIT1 is correlated with colon carcinoma (49) , its association with PCa has not been elucidated. Additionally, analysis of three key genes in the PPI network, TOP2A, ACLY as the target gene of miR-224-5p, and noted the negative axial regulatory associations between them; these 2 genes were also found to collaborate to promote the progression of PCa (27) . According to the results of the present study, the target genes of miR-224-5p in PCa may include UAP1, HK2, CHIT1, TOP2A, ACLY and RRM2. miR-224-5p is likely to regulate the expression of these genes, therefore performing its functions in the initiation and development of PCa. However, these results based on theoretical analysis require additional in vivo and in vitro experiments for confirmation.
In conclusion, the present study, based on data from TCGA, GEO and ArrayExpress databases, and previous literature, examined the expression of miR-224-5p in PCa and its clinical significance. It was confirmed that the expression of miR-224-5p was low in PCa and was associated with its clinical progression. In addition, miR-224-5p may exert its effects in PCa by mediating UAP1, HK2, CHIT1, TOP2A, ACLY and RRM2. The present study provides a theoretical foundation for future investigations on the oncogenesis of PCa.
